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Abstract: The Baotou Nanhaizi wetland is an important part of the Yellow River wetland ecosystem, served
as a stopover for many migratory birds and water source for living in Baotou City. However, in recent years,
the quality of wetland ecological environment has been declining due to effluence of industrial wastewater.
Bird feathers can serve as indicators for environmental monitoring and indirectly help to assess a wetland
ecological environment. After the breeding season, primary feathers of three heron species, the Eurasian
Spoonbill (Platalea leucorodia), the Grey Heron (Ardea cinerea) and the Black-crowned Night Heron
(Nycticorax nycticorax), and environmental factors (e.g., water, soil and food) were collected from the
Nanhaizi wetland in Baotou, Inner Mongolia. In November, 2016, the heavy metal content was measured
using an inductively coupled plasma optical emission spectrometer (ICP-OES) for 10 elements, namely, As,
Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, and Hg. Differences of heavy metal contents of the feathers were compared
using one-way ANOVA, the relationship of heavy metal contents between the feathers of three Ardeidae
species and environment were analyzed by bioconcentration factor and Pearson correlation test to examine
the status of heavy metal pollution and its enrichment characteristics in the Nanhaizi wetland. We found that:
(1) The levels of As, Cd, Cr, Cu, Pb, Zn, and Hg had exceeded the standard in wetland environment,
especially in soil, Fe, Zn and Cu had reached the level of severe pollution. (2) The remnants of different
heavy metal elements in heron feathers varied among different species, with the highest being Fe of the
Eurasian Spoonbill (388.77 mg/kg), and the least being Cd of the Black-crowned Night Heron (0.12 mg/kg).
The decreasing order of heavy metal contents in the feathers of Eurasian Spoonbill was as follows: Fe > Zn >
Mn > Cu > Hg > Cr > Ni > Pb > As > Cd, with Zn > Fe > Cu > Cr > Ni > As > Mn > Hg > Pb > Cd for the
Grey Heron and Zn > Fe > Mn > Cu > Ni > Pb > Hg > Cr > As > Cd for the Black-crowned Night Heron. The
levels of all detected elements (except Pb and Cd) differed significantly among the three species. (3) Pearson
correlation analysis showed that the heavy metal contents in heron feathers were significantly correlated with
that in the environment, and some metal elements were enriched in the feathers. In conclusion, bird feathers
can be used as an indicator to monitor the local environmental pollution with the aim of providing a scientific
basis for local governments to carry out assessments of the environment.

Key words: Ardeidae species; Feathers; Heavy metals; Biological indicator
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The Inner Mongolia
Autonomous Region

B9¥EF Nanhaizi

------ FHF R AR X Nanhaizi Wetland Reserve; ----- # & %5 [X Heron breeding area; A #0%F & R4 X Night
Heron feather collection; [ E£% F145 % ] B K4EX Eurasian Spoonbill and Grey Heron feather collection area; O 7K il
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A1 skERTEnfyrXrsE
Fig. 1 The map of Nahaizi Wetland Reserve in Baotou City
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Table 2  Soil heavy metal pollution in the Nanhaizi wetland

IiH Items As Cd Cr Cu Ni Pb Zn Fe Mn Hg
i IEE

EHTAR 4386 0.171 62.720 19.200 20240 22670 56.470 3.719 413.000 24.450
Background IeveI (mg/kg)
B TR Ty e H X
%Tﬁ*%_ﬁ& (P 0.744 0915  0.568 16.691 1.057 0.762 4.474 259.507 1278  0.028
Single factor index
. — — s I I RCT I NN R ™ SR L
V5 R Eisl Ede Fm o BEER o ey RS REER

. Hi5ge None to 5 None to
Pollution degree None  None  None . None Strong . None

Very strong  medium Very strong ~ medium

TR SRR T IR (AR SR
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Cu. Cr. Ni. As. Mn. Hg. Pb. Cd, %% )
Zn. Fe. Mn. Cu. Ni. Pb. Hg. Cr. As. Cd.
33 H&LRETE IMEISPESKLMIE

ANRAESHPEFESE TR ZE R LK
3, Cu M Zn JTERAE 3 Mg 1 2P) T (R A7 7E Fh H] 22
S, 1 Pb A1 Cd JCaR AFAAERR R 2 57, A 6

4F 1999). Soil background values from the literature (Leng F R et al. 1999).
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CHEE5NE, BE5AREHERNEE (P<
0.0, MAEMAEENERALEE. Cu M
Fe THRIMAAEE BT EERS, EREPE

SRR (£ D, CutRE 3 MELPE
RS R LR, MR ZERIIREE (P <
0.0, HEENEH Fe TR EEWMEEST
GEMKEE (P<0.0D), B8 5KEIE T Fe
SEERARE. Mn TREAEBEPNEFH
TEREESTEEMNRE (P<0.05), HAHE
MEEPEMZTRNEEERALE. ©F

K3 HERUREIHELPNEFETERMUBEREEN (P

Table 3 Heavy metal was differed significantly in the feathers of three Ardeidae species (P value)

G vs B
Gray Heron vs Black-crowned Night Heron

Gray Heron vs Eurasian spoonbill

U vs ATEH
Black-crowned Night Heron vs
Eurasian Spoonbill

G vs AT

As 0.000
Cd 0.150
Cr 0.001
Cu 0.009
Ni 0.092
Pb 0.021
Zn 0.000
Fe 0.396
Mn 0.249

Hg 0.913

0.000 0.143
0.387 0.593
0.001 0.568
0.000 0.000
0.001 0.070
0.187 0.023
0.000 0.001
0.005 0.000
0.001 0.022
0.000 0.000
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FEF N TENSTEREESTAEY (P <
0.01), HEE 5&¥ LK E S5 g E+
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341 PEMNHAREFFHEERERE &
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XPTIKEEAR, 3 P B, HEEARE
FEXN CrnBm M EEREUVNT 1, HoAth 9 P
MR EEREIIRT 1, WRESE; T
THRFEA, 3 B B Hy TGR B RS

BIKT 1, AEERNESR Cd DL BE B
(1) As Al Cd 0 B i (1) & 48 REB AR T 1,
FIRUE £ KT RERR IR A, 3 P 5
EH1 Cd F1 Hg Je R L H P B As oz
MEERBGIRT 1, HWREE. ST L858
A, 3 FE PN Hy TR EERT
BIRTF 1, MESE, MHM 9 MESE TR
BIAK e
342 PEEHHXERTFREEESREHER
SRR ESE BT NS
5, THEEY), AHASE5E S4EEY)
AR R K. B3R &Y ONlfE., 3
Ffa . FHIN AR L eE) PR ESES
ESMEHESRESEZ B GR5).
KRS PR S MM, CutRS
HES DB EREEEE MR (P<0.05)),
Cr TR 5GEEPNETHEREEEIEHRK (P <
005 , As TR SGCEPNETHRETEMEEIE

R4 SHESPBNARETHFESROERRE

Table 4 Enrichment coefficient of heavy metals in environmental factors

As Cd Cr Ni Pb Zn Fe Mn Hg

HEER Eurasian Spoonbill

JE-/K Feather-Water 526.667 4.737 0.796  111.909 645.000 495.000 10.966 227.483 4540.000 288.400

P E-13E Feather-Soil 0.484 1.146 0.084 0.053 0.121 0.115 0.359 0.403 0.146 10.495

Eifﬁﬁi%re; (ﬁlilshm;flinp) 0.740 5.806 0.099 0.063 0.105 0.074 0.263 0.231 0.267 13.946

P B-223% Feather-Ulothrix 0.25 0.428 0.105 0.098 0.091 0.062 0.098 0.253 0.096 9.046
5% Gray Heron

JE-7K Feather-Water 1350.000 6.842 2.416 66.299 1387.500 447.500 20.546 83.370 231294  83.200

J)E-13E Feather-Soil 1.241 1.656 0.255 0.032 0.259 0.104 0.673 0.148 0.008 3.027

Ezfgii?e; %i‘sh%zfiinp) 1.898 8.387 0.301 0.038 0.226 0.067 0.493 0.085 0.014 4.020

PE-22 3 Feather-Ulothrix 0.665 0.618 0.320 0.059 0.197 0.056 0.184 0.093 0.005 2.608
%% Black-crowned Night Heron

JJE-7K Feather-Water 213.333 3.158 0538 44481 1005.000 732500 15.155 37.964 1780.000 89.200

3PJE-+4% Feather-Soil 0.196 0.764 0.057 0.021 0.188 0.170 0.497 0.067 0.057 3.245

Eiﬁf:i?e; (ﬁlil\sh%ﬂ;flinp) 0.300 3.871 0.067 0.025 0.164 0.110 0.364 0.039 0.105 4313

P E-22 3% Feather-Ulothrix 0.105 0.285 0.071 0.039 0.143 0.092 0.136 0.042 0.038 2.798
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Table 5 Correlation coefficient between heavy metals and environmental factors
in the feathers of three Ardeidae species
As Cd Cr Cu Ni Pb Zn Fe Mn Hg
A% Eurasian Spoonbill
-7k Feather-Water -0.029 -0176 -0.023 -0.714" -0.342 0512 -0.415 0.006 -0.380 -0.269
P)E-+ 3 Feather-Soil 0.298 -0.010 0.383 0.403 -0.083 0.013 -0.132 0.493 0.070 0.034
S K
HERY (@,‘ ﬂﬂ:j‘,) -0.287 -0.578 0.237 -0.175 0.666"  0.158 0.023 0.661" -0.124 -0.273
Feather-Prey (Fish, shrimp)
P E-22 3 Feather-Ulothrix 0.256 - 0.580 0.084 0.859™  0.583 0.430 0.170 0.297 0226 -0.371
5% Gray Heron
PE-/K Feather-Water 0.918™ 0.318 0.660" 0.416 -0.069 0.328 0.396 -0.409 -0.338 0.408
JIE-13% Feather-Soil 0.047 0.012 0522 -0.319 0.124 -0.114 0316 -0421 0.012 0.019
POESRY 1
HE-BY (@_‘ Mﬁ_) 0.500 0.139 0.434 0.062 0.484 -0.200 0.863" - 0.396 0.044 0.051
Feather-Prey (Fish, shrimp)
PIE-£23 Feather-Ulothrix 0.147 0.287 -0.363 -0.758" 0.493 0.355 0.456 0.015 0.042 0.279
%% Black-crowned Night Heron
JE-/K Feather-Water 0.013 0029 -0.184 0462 -0.097 -0.328 0.334 0411 -0431 0.194
JIE-13% Feather-Soil 0.397 0.152 - 0.347 0.226 -0.139 0.114 - 0.095 0.130 -0.255 0.442
PPER Y 1, P . .
HERYN (f EF#) - 0.450 0.738" -0.181 0.536 0.104 0.200 0.126 -0.076 -0.060 0.752
Feather-Prey (Fish, shrimp)
P E-2£3% Feather-Ulothrix 0.074 0.238 0.550 0.072 0271 -0.355 0.237 -0.026 0.516 0.656
" P _
& <_ﬁ‘ EF_ﬁ) K 0.557 0.478 -0.053 0.246 0.007 -0.319 0.313 0.215 0.033 0.280
Prey (Fish, shrimp) - Water
ol (.ﬁ‘ QF%) jﬁ% -0.297 -0.023 0.475 0.595 0.326 - 0.021 0.198 0.526 -0.048 -0.004
Prey (Fish, shrimp) - Soil
1 K -4y
&y <.ﬁ‘ EF.ﬁ) i . 0.159 0621 -0.432 -0.045 0.564 -0.100 0.355 0.185 -0.043 0.848™
Prey (Fish, shrimp) - Ulothrix
#23%-7K Ulothrix-Water 0.380 0.249 0.038 -0.637" -0.138 0.104 -0.197 0471 -0.136 0.385
22 3%-1+3% Ulothrix-Soil -0.374 0.085 -0.290 0412 -0.117 0.477 0.698" 0.445 0.405 0.039
+3E-/K Water-Soil -0.044 -0.258 0.572 0.098 0.145 0.254 0.100 0.324 0.384 - 0.406

*P <005 MXEZE, = P<001, MHAXHKHLEZE.

* P < 0.05, significantly different, **P < 0.01, extremely significantly different.

X (P<0.0D) , HirR5¥ Y PEF &=
M LIEFEAS 10 FESEICR S %5
B O RS EAEG. 'Y (. RE
i NisFe 55 HE ﬁza%tlﬂmmimﬁﬁ
R (P <0.05), HAuEwm AR 89 (H.
M) i) Zn R EEE P BT EREE IE
R (P <0.0D) ; &Y (. IF) i Cd

M Hg TR ESHEPEHEREEMAX (P <
0.05) . ¥ H Cu tEm R ESHEEPETY
=EREEIEML (P <0.0D) U ESE
EPEhEEERZEIMEK (P<0.05) . f£H
BEH 7 i B e A G E /i 7R, Hg eR & &
EEY) (fi, UFK) 5223 AN R & IEA (P
<00 , M Cu R ERLZESKEELE
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FAHYE (P < 0.05) , Zn Jo&E 4 S TR E
Z1EFE (P<0.05) &

4 Wi
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Hashmi %5 (2013) 7B # AR HTHE 1 2415
% (Bubulcus ibis) F1H% (Egretta garzetta)
YU B R SR IR 4R Y, P Fe. Mn. Cu
sEREm BHE5eY. IXRELESELSRE
IR EEAI 9%, Ullah (2014) ERFRE S PEE
WP HEEESEZMPCRMNIEN, 45%
PEREGEREN Fe iR REPFTEELE
AN ATV K HEB A 78 B 3P &
i Fe FINi TR SRS A, IRREWHIE
HERFEIEMK, RUHKRET Y. AR
X35 EE P B 1) Fe A1 Mn JC R & B i
TEEKAE . % (Kimetal 2008) FIf 3
Wria 5% (Ullah et al. 2014) [F34/KF,
AN, FKA L 3EF Few Mn TR IS ER
i, JUH I Fe su R iml It iy SE, R
A ANEIN, MIRE S HEE KL, R X
M, HEA DIEKRE, NEEEERE K
HAEA S & ER SN Feo Mn TR AIRES
AH TV R K HERCE 5%

Cu AN BIEARME TR —, H
B FR 5 B s ) Cu 2 BRI %45 % (Carpenter
etal. 2004). AL HEEFEH Cu G ES
TLIRA K PP & 2K TS (Fu
etal. 2014), {HE TH#EE (Kimetal. 2008).
FEHrH (Ullah et al. 2014) (1% 5 F 35K F .
WERR T iRas, Kk, . iR+
HErh ) Cu JoaR By, JUH LA} Cu &
LB BN EEG YK . MRS TTRE, A
BMGEPED Cu iR ES 2N EE
I, LBEEKPR Cu iR SRR TEHK,
TP &3P B B Cu Al RER H /KR 2238,
T2 FEXTAKFR Cu R B EEIEH,
Fr LA BT AR g B e o i MK SRS R ) Cu o
ENIUE R Y

Hg =& —Maets 5l kAR A AT 84545
ME R, HIEEG RN AR 1w
TAAT M HERR ) Tl =& (Burger et al. 1994)
HEEE BT Hg M8 s TV e X R
SRR, ZiZHIX ) 7 £5 LA (Zhang
et al. 2006), ik T4 (Goutner et al.
1997). 4%y (Padula et al. 2010). ZJE iy
(Abdennadher et al. 2011) ZHh[X % 530 1
PR EEKTY, REEFTRER, EilET
IKFERI LI Hy o E 1 Kb,
Ui ZIR R Hg 175 GY BN B . 3 P 920 &
I Hg RKFE. T3, SR N E LR,
Hezig, MRy MR P E 2 6 283
R IEAH G, PR S ) B w3 B
Hg Jo & I R =R R
42 BEPNESPESREIEERE

T (2008) 7F LR L Hb X
(Ardeola bacchus) 1% (E. garzetta) P&
HRIESE SRR, S ESREFE R
MEEPES Zn & REEE ST B Rk
REERHIE . Ik (2007 EATE SR
Yt ESE SRR, By aYh ey
Zn S ARFFARIE TR, wEPE
o Zn TR ERIFCEEYEREE B, X
5 PR EERIA, U MR R T PR Zn
TCR M F BRI Zn TR BARZIWAEKKE
YeFpIE A BRI LA R G R, HEAL
BN FEE RN, (YR ETEGE T
(Carpenter et al. 2004) . A 7545 % P B H Zn
R g vl = el = I 1 W S R S C i S
(Abdennadher et al. 2011, Fu et al. 2014, Ullah
et al. 2014), IREGRFOKEE. 3. MiRRE
e Zn @S EWEEE R bRE, U g
Zn TEMEBECEABEESRERL, XTA
HLER) Zn (1775 G Il B R 20T

Cr t&R] ZAETLIE. KAAKF, N
BUADL A ETTER, BAREEKM RN
TER, (HE I — & BE R &M SRt
SRS A — o AW RSB P Cr KRR i
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ETILI54 (Fu et al. 2014) FI41 2 X (Padula
etal. 2010) ¥ S FKF. FHIMLARIETE
H, FEEPEF CrooR T Ei#ET 2.8 mg/kg
2ot Hofid i M (Ullah et al. 2014). A
WREE P EFN Cr FHSELTEEN 3
£, B5RRFRHKEE 2 B3 EME, il
FHRHLKFER Cr Ji&R & & Ot B &K bx
e, HBEEPIET Cr & B0 KA E 5,
NI AR N R IR KR Cr ot
F IR R AR, G TR Cr o
B (g B A R — P A

AAN, BEPEH N WEEEESTAE
¥, SENIMNOEIRIEMLLL, HEEKTS
W R . XSUSHBIX R KT
2 (EZRK% 2008), mTILAA (Fu et al
2014). VLG4 (RKMESE 2014) J B REHTH
(Ullah et al. 2014) )% Li0E/KF. 5% 2P
B As [E R T BHATE N IMESCE &1k
1E7K°F (Padula et al. 2010, Fu et al. 2014, ¥
FRIESE 2014) o GHEHBIRIE R -7 A 45 S TR,
IR As TERINSECOAITEERIRE, &
BRET As mRSKEEWMEE EMEX, H
PR E 4, NS P B VR N I Hh K BR
5% As 15 4R /R ER R
43 WENEHPELRENEERE

Cd JCHR R IENTIC R, A BUE.
117 52 ALHEEVER] (Burger et al. 2009).
T Cd KRR T 2 mglkg S EHE R E 3%
1, PR R RATRE ST (Spahnetal. 1999), A
e sk R E S S O N 1= o ot 1= v 8
WAL TFVLIF (Fuetal. 2014) FlEEE (Kim et al.
2008) BHE /K. HAHFH/KFEF Cd &
I [ KR OK T Kb, HP B/, iR
BYE Cd TRMEEREE FMKE, UK
HOPETR Cd RESRIETAIREY . KT
WEEH I Cd I 5 THRFEE I

Pb ZHAIELTME LR, FEEETEY
KA, FEBEAIMmE T3 (Mateo et al.
2003). AHFAREFE+H PO HIEESTHE

HREE . SRR P 252m 280947 8. A
HURNE FRACH, SUBME RS, 51T NER
FA K 2248 (Dauwe et al. 2004). ASHF 78K
BPE Pb BPEKETEHE (Kim et al.
2008). #41#) (Padula et al. 2010). % JE
(Abdennadher et al. 2011) 25t [X 8 19 (¥
TE. ERERTRNE R ORI, AR
Pb JCE 1) & & Ol T S hr ik, AHPE i
KW, BRI EBH R Po iR S AN REYATT
TERFE R T P 1975 YR SRYR [0 A A f
TREELH A

2 % X M
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Lycodon liuchengchaoi Found in Hupingshan, Hunan, China

H R GG A & 2 Ak, XK 4EIE (Lycodon liuchengchaoi Zhang, Jiang, Vogal, Rao, 2011) X 504345 T4 )il (h
BB PEAEHED (Zhang et al. 2011). BkVG (FA#E) (LN T54%F 2014). %4 (Zhang et al. 2015) KT (EZIIF %% 2017)
V945, 2016 57 F 21 A, 1E&H TWlrgamii i [H % g B AR RGP X (1% i fE Ak (110°47°23.45"E, 30°03'42.27"N,
W 14210 m) SREEFNMEME RATESRARAR 15 (bR : 20160721303, F 1), FRAMREAEBIR Gl ER % E %
A XARATE . SIS E R, 2R AL 0 B SR 2 RlA K5 4 e filid oI, WMo e ol IREE e, HOA
WG 28 W Fh oy A T id S

FrA kA& 431 mm, K 99 mm; Sk 8.65 mm, 3kTE 5.98 mm. WA B, RS BES 1M Bkl
M, NBE, A5 SLRSHEEE: SISk 1ok mraisk 1 4k, BESS8% 2 /. IS8 8 M, 3~5MAHE; TEHE 8 MK,
A5 MOVIB . A0y 2 % Tk 17-17-15, RIS : IE0% 202 M L6 5y, R BRI, 90 Xf. AR
HHEEE, HRERMAAERMGEAINL, HE00 IR %2 2 51 .

MLLBRAGIEA, W bR A A B b S AVRFE, (HARRIH — WA ER, R P L & Sk
G ED o HTHIFR AT A B A K I 40 A 0 1 DA 4 J 1) IRBE e 1) 7 28 SR BRI T B A8t 1R A e
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